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The effectiveness of a firm mostly depends on the capability of the managers to 
obtain flexible credits for the implementation of sustainable innovations. The aim 
of this study is focused on the impact of access to credit on process innovations in 
SMEs. Data from the manufacturing and the service sectors of the economies of 
Africa and the Middle East are collected from the World Bank’s Enterprise 
Survey database. The survey employs random sampling to select firms in each 
country and they are stratified based on the number of employees. The sampled 
observations are scaled down from 136,887 to 33,977 firms covering 53 countries 
due to the scope of this research. The factors of access to credit are the 
independent variables of this research: the working capital from a commercial 
bank, overdraft facility, lines of credit, external auditing of accounts, and working 
capital from suppliers. The dependent variable is process innovation. The results 
show that there are significance levels of p-values below 1% although some of 
the Pearson correlation coefficients of the independent variables with the 
dependent variable are not too high. The factors of access to credit used in the 
regression model have a significant impact on process innovation. The findings 
from the analysis help the policy directions of managers. 
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1. Introduction 
The innovative activity provides fundamental support for firms to accelerate their growth and development. 
The insight of this research study is geared towards the impact of credit accessibility of a firm on its business 
activities relating to innovation. In this research study, indicators of access to credit of a firm comprise of: 
working capital from a commercial bank, working capital from suppliers, overdraft facility, lines of credit, and 
external auditing of accounts. This research study is focused on small and medium scale enterprises (SMEs). 
Innovation is regarded as the fundamental tool in every organization to create and spearhead the growth 
potential of the organization and the country as a whole [1], [2], [3] [4]. According to Miller (1983) for 
entrepreneurship to be sustainable in a competitive industry, there should be a strong feature of risk-taking and 
radical innovation. Therefore, it has become important to commence the concept of innovation 
implementation at the SMEs level so as to ensure long-run survival and development in the competitive 
market [5], [6], [7], [8], [9]. 
Research studies investigated in the field of management innovation have shown the extent to which 
innovative activities of firms can impact on business operation. The review of innovation literature through 
the activities of credit accessibility and financial institutions in SMEs in developing countries is inadequate 
[10]. The objective of this research study is to contribute to reduce the gap in the academic literature by 
finding out how the innovation in SMEs are influenced by the types of accessibility to credit (finance) in the 
two geographical regions of Africa and the Middle East. 
2. Literature review 
The ability to access finance and commence any profitable investment opportunities is an essential feature for 
the success and sustainability of any firm and organization [11], [12]. The success of individual firms will 
ultimately harness the economic growth and development of the society and the country at large [13]. 
Challenges such as inadequate liquidity are bound to hamper the ability of both prospective entrepreneurs 
from commencing their firms, and new entrepreneurs from enhancing the progress of their firms [14], [15]. 
The study by Klapper, Laeven, and Rajan (2006) in 35 European countries reveals that for countries with a 
robust financial development, it is difficult for financially dependent firms to enter into their market. To make 
it easy for new and young firms to enter into a market and ensure their sustainability, the financial 
arrangements in the financial sector need to be comfortable [16]. 
The pecking order theory of financing is used to explain the financing options available to matured as well as 
already established firms [17]. The matured firms generally, have adequate funds available from their internal 
resources. This is due to the high-profit potential and less growth in the market. In this case, firms will prefer 
to make use of internally accumulated funds first, before sourcing for external funds [18], [19]. Firms with a 
good and credible financial status such as a sustainably good history of credit, reduce the challenges of trust 
and high transactional costs between them and their creditors. Comparatively, mature firms are able to secure 
adequate credits and finances on flexible financial conditions than new and young firms which have not been 
able to demonstrate enough record on the fulfillment of their financial obligations in the financial market [18], 
[20], [21]. For instance, new firms and entrepreneurs are able to commence business and survive in the 
competitive financial market when there is a healthy relationship between the financial institutions and them 
[22], [23], [24], [25]. 
Start-up and young firms with inadequate access to formal financial institutions might turn their attention to 
the available informal sources to seek credit and support. The informal sources of credit available to firms 
include; suppliers, family, and friends. These available sources of credit become a comfortable resort for 
young firms to achieve their relevance in the market and grow sustainably [26]. Although informal sources of 
credit are easily available for firms, they pose some challenges to them. Transactions in the informal sector are 
unregulated which makes the cost of credit relatively expensive. Again, it is not imperative for firms to rely on 
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the funds from informal sources because they cannot be accessed on time. For instance, in an environment 
where formal officials are perceived to be taking and accepting gifts from individuals before they conduct an 
official duty, firms prefer to use informal sources to obtain credit to run their business than going through the 
formal financing path [27], [28]. Firms are willing and ready to incur the high cost of accessing credit in the 
informal sector in order to avoid the likelihood of giving gifts and favors to officials [29]. 
2.1. Access to credit 
For a firm to have the potential to embark on innovation, the financial structure and sources of working capital 
of the firm should be on a sound footing. Firms should have diverse sources and flexible price of credit to 
support the innovativeness of the firm. This will help to enhance the firms’ growth and development. The 
financial structure and types of credit for firms considered under this study are: working capital from banks, 
working capital from suppliers, overdraft facility, lines of credit, and external auditing of accounts. 
2.1.1. Working capital from banks 
With regards to the relation between level of financial enhancement and innovation, the research by 
Schumpeter in 1912 highlighted the discussion of credit and funding to support the innovation of firms. 
Schumpeter’s “Economic Development Theory” indicates the development of financial credit, interest and 
other monetary variables [30]. 
Studies in financial development have shown an appreciable relationship between a sound financial growth 
and development and innovation of firms. Well-developed financial institutions in a country are indication of 
economic growth. With a robust financial environment, commercial banks become a hub for firms to access 
credits and capital accumulation with less difficulty, which supports them to improve their investment, 
growth and innovativeness [13], [31]. 
Inadequate developments in financial institutions go a long way to hamper the growth and development of 
firms that obtain majority of their capital accumulation from external sources or commercial banks [32]. In a 
similar vein, credit accessibility from commercial banks comes with much challenge in countries that have 
unregulated property rights system [15]. The information asymmetries in the financial sector, possess more 
difficulty to firms to accumulate working capital from banks, and this has been corroborated by the studies of 
Chirinko and Schaller (1995); Schaller (1993); and Hoshi, Kashyap and Scharfstein (1991). However, 
information asymmetry is reduced to a large extent when firms develop a close relationship with formal 
financial institutions [33], [34], [35].  
2.1.2. Overdraft facility 
Overdraft facility is a very popular financial instrument in the environment of commercial banking. It is used 
as an emergency capital accessibility given by the commercial banks to their reliable and trusted customers 
who are in need of liquidity to service and/or finance their maturing obligations. State enterprises and agencies 
make use of these available services in the banking sector just as their competitors in the private sector. For 
instance, in India, the gap in the financial space created as a result of firms’ overdraft is helped and filled by 
the Reserve Bank of India [36]. 
The diverse channels by which SMEs can use to access credit for their innovation, growth and development 
are still in the state of evolving [10]. One of the channels through which SMEs can employ to facilitate their 
access and accumulate working capital is by an external financial facility. Although investigations by 
historians such as Landes (1969); Rosenberg (1982); and Mokyr (1990) reveal that improvement in 
technological and administrative innovations are the major factors for the development of firms over a long 
period, additionally, Solow (1957) argues for the inclusion of capital as one of the factors [37], [38], [39], 
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[40]. For instance, between the periods 1909-1949 in the United States, 80% of the increase in labor 
productivity was as a consequence of the availability of working capital from banks and skilled labor [40].  
2.1.3. Lines of credit 
Firms give their customers the opportunity to delay their payment of goods and services already delivered. 
This is done by offering customers some flexible terms of trade credit to assist the firms to deal with problems 
that result from liquidity. Results from prior studies have identified the importance of trade credits to SMEs 
businesses. External credits are offered to firms in the form of short-term finances [41], [42]. 
Reports from various studies have identified empirical evidence that points to the existence of a relationship 
between lines of credits available and the growth rate of firms [43]. In situations where firms encounter 
liquidity challenges which have the potential to adversely affect the innovation and growth rate, they resort to 
relative sources of credit to sustain their business activities and hence the development [44]. The need to seek 
sources of external finance for business activities is a characteristic of fast-growing firms. It is reported that 
relatively fast-growing firms form the habit of not settling their payment of credit on time because they have 
other sources of credit to rely on. Again, firms which possess more intangible assets have the propensity to 
indulge in several sources of credit than those with less intangible assets [45], [43]. 
As suggested with empirical evidence from previous studies, the demand for credit has a direct relationship 
with credit constraints [46]. Firms especially, SMEs that have available resources to embark on innovation 
activity tend to use lines of credit. SMEs that have more of their assets in the intangible form are in a higher 
position to meet the criteria required by commercial banks for financial support [47], [48]. SMEs with 
innovation activities in their businesses are expected to engage in several lines of credit to boost their working 
capital. This is because comparing large firms to SMEs make them not susceptible to the constraints and 
challenges of credit accessibility due to their capacity and sheer experience in the financial market [49], [50], 
[51], [41]. 
2.1.4. Working capital from suppliers 
Firms seek the services of their suppliers, in the short-run, to access flexible working capital or credit. The 
credit acquired from the suppliers has a less price attached to them with more elastic demand. Firms that are 
facing financial difficulties are able to obtain some credit relieves from their suppliers. Suppliers have a long-
run motivation to assist their customers who have been indulged in financial difficulties so as to keep their 
business activities in progress [52], [53]. There is no formal procedure and documentation when firms are 
transacting with their suppliers. The terms of a transaction are also negotiable in a win-win situation. This 
reduces stress and increases the easiness in their transaction process. Innovative SMEs do tap into the credit 
resources available from their suppliers in situations of financial challenges or when access from commercial 
banks becomes impossible [41]. 
According to Schwartz (1974) suppliers provide more credit options and benefits to firms than the financial 
support obtained from formal financial institutions and commercial banks [54]. There are three major channels 
to obtain these benefits, they are:  
1) Controlling of buyers; 
2) Acquisition of information; and 
3) Retrieving values from already existing assets.  
Due to a cordial relationship that exists between firms and their suppliers, and obtaining information on firms 
by their suppliers become easy and cheap. Suppliers employ diverse channels to obtain information about 
firms and customers they transact with. However, relatively commercial banks do not have enough sources to 
obtain information about firms they deal with. This makes suppliers supply their goods to and retrieve 
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delivered goods from firms if the firms fail to fulfill their agreed payment schedule. The retrieval of the goods 
can be done quickly before the firms integrate them into intermediate or finished products [53]. On the other 
hand, formal financial institutions and commercial banks do not have such privileges, power and speed to 
salvage the goods from their customers and firms [55]. 
2.1.5. External auditing of accounts 
The pricing decision of creditors is highly sensitive to the account statement variables that are usually 
to analyze the credit feasibility of the firm when the account has been certified by an auditor. The measure of 
credit feasibility includes: the tangibility of assets, current ratio, coverage of interest, and to mention a few. 
The auditing of account statement is an addition of value to creditors and that an audited statement is not 
considered as a mere signal of cost. The influence of an audited financial statement has a significant influence 
on the decision of creditors of a loan. This implies that an audited financial statement supports the ability of 
firms to generate enough cash flow than the unaudited financial statement. The cash flow is used as sufficient 
working capital to enhance business transaction and undertake innovation activities [56], [57], [58]. 
Creditors use the information on audited accounts more thoroughly to enable them to settle on a feasible 
interest rate. Unfortunately, firms with an unaudited account miss out of this benefit. In SMEs, the interest rate 
payable on loans and credits from commercial banks is reduced to a sufficient level when the account 
statement submitted for credit accessibility has been audited by a certified accounting firm. A lower interest 
rate reduces the burden of repayment of credits on firms. Firms will have enough capital space to expand their 
business and engage in innovation [56]. 
2.2. Firm age and size 
The age and size of a firm are considered as the control variables in this study. The age of a firm is regarded 
as the number of days, months or years it firm has been operating in the market. The size of a firm is 
considered as the number of formal and permanent workers in the firm. In this study, the firm size is defined 
as the number of permanent workers from one to ninety-nine (1-99).  
2.3. Process innovation 
Process innovation of a firm is described as the establishment of new or significantly improved methods of 
delivering goods and services [59], [60]. For instances, a significant change in the working methods, human 
resources, equipment/software or a combination of these. Process innovation can decrease the unit cost of 
production which in turn increases the quality of products and services [61]. The process innovation has 
favorable features and they are: the size of a firm, competition, and upstream knowledge [62]. Process 
innovation enhances the revolution of processes in the firms’ day-to-day activities. They bring efficiency in 
the transformation of production and business processes in the firm. This impacts directly on the growth, 
development and hence the profit margin of firms [63]. According to Fagerberg et al. (2004) the benefits 
accrued from process innovation on the growth and development of firms are clear and easily noticed [64].  
In view of the on-going discussions, the following hypotheses are proposed by this research: 
 
 Hypothesis 1: Access to credit has a significant impact on SMEs’ process innovation. 
H1a: The impact of working capital from commercial bank on SMEs’ process innovation is 
significant. 
H1b: The impact of overdraft facility on SMEs’ process innovation is significant. 
H1c: The impact of lines of credit on SMEs’ process innovation is significant. 
H1d: The impact of external auditors on SMEs’ process innovation is significant. 
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H1e: The impact of working capital from suppliers on SMEs’ process innovation is significant. 
 
The Figure 1 below shows a summary of the theoretical framework and hypotheses of the research.       
    
 
Independent variables                                               Dependent variables 
 
Figure 1: Theoretical Framework and Hypotheses 
3. Research method 
Variables and data to construct models and analyses in this research are explained in this section. Industry-
level data are taken from the database of the World Bank Enterprise Survey (WBES) [65]. The questionnaires 
are administered in the year 2006 through to the year 2018. The questionnaires are conducted in countries that 
are considered as emerging and/or developing nations. The questionnaires are directed to firms that are 
categorized as small-scale enterprises, thus, firms with full-time/permanent employees between 1 and 99. A 
random sampling method is used to select firms that are engaged in manufacturing and services in the market. 
The use of this database by renowned management innovation investigators such as Yang (2016); and 
LiPuma, Newbert and Doh (2013) shows the reliability and validity of the data [66], [67].  
From the data, a total of 136,887 firms are observed in 138 countries from the manufacturing and servicing 
sectors in the economies of Sub-Saharan Africa (AFR), East Asia and the Pacific (EAP), Europe and Central 
Asia (ECA), Latin America and the Caribbean (LAC), the Middle East and North Africa (MNA), and South 
Asia region (SAR).  
The study is skewed to two geographical regions (i.e., AFR and MNA), which reduces the total observation 
from 136,887 to 41,336 firms in 53 countries. Any firm with a total number of permanent workers above 100 
is removed from the data. The age of each firm is also kept. The youngest firm is one year old and the oldest 
firm is 212 years old. Overall, a total of 33,977 firms are remained as the sample for the research analyses and 
discussions. 
Diverse factors of access to credit and innovation are indicated in the WBES innovation database. These 
factors are classified into two disjoint categories. The factors in the first category are considered as access to 
credit that influences innovation in SMEs, which are named as independent variables: capital from bank, 
overdraft facility, lines of credit, capital from supplier, and external auditing of accounts. The second category 
is a factor that is considered as innovation in SMEs, and is named as dependent variable (i.e., process 
Working Capital from Bank 
Overdraft Facility 
Lines of Credit 
External Audit 
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innovation). To determine the statistical significances of all the factors, a Pairwise correlation analyses are 
conducted between the independent variables and the dependent variable. The dependent variable is dummy, 
where Yes =1, and No=0. 
3.1. Attributes 
This section shows the various attributes that are used for this research study. The attributes are taken from 
diverse innovation literature and management innovation guidelines prepared by the OECD. The type of 
attributes with the supporting innovation literature for both the independent variables and the dependent 
variable are shown below: 
Working Capital from Commercial Bank. This independent variable is based on the research studies of 
Levine, (2005); Levine, Loayza and Beck (2000); and Demirguc-Kunt and Maksimovic (1998). The 
questionnaire asks respondents to indicate in percentage (%) of the extent to which they are able to access 
credit from commercial banks relative to credits they receive from all sources. 
Overdraft Facility. The use of this indicator as an independent variable is based on the research work of 
Thavaraj (1982). The survey asks respondents to indicate on a dummy scale (Yes=1, No=0) whether they are 
able to access credit through an overdraft facility. 
Lines of Credit. The use of this factor as an independent variable is based on the studies of Bonte and Nielen 
(2011); Ng, Smith, and Smith (1999); and Tsuruta (2008). The survey asks respondents to indicate on a 
dummy scale (Yes=1, No=0) whether their lines of credit enables them to access credit. 
External Audit. The use of this factor as an independent variable is based on the research of Minnis (2011). 
The survey asks respondents to indicate on a dummy scale (Yes=1, No=0) whether they engage the services of 
an external auditor to verify their account statement. 
Working Capital from Suppliers. This independent variable is based on the research studies of Pike, Cheng, 
Carvens, and Lamminmaki (2005); and Petersen and Rajan (1997). The questionnaire asks respondents to 
indicate in percentage (%) of the extent to which they are able to access credit from the suppliers of the firm 
relative to credits the firm receives from all sources. 
Process Innovation. The selected variables are guided by previous studies (OECD Oslo Manual, 2005; 
Gunday, Ulusoy, Kilic & Alpkan, 2011; Tidd, Bessant, & Pavitt, 2005). Respondents are asked to indicate the 
value of variables on a dummy scale (Yes=1, No=0) whether their firms have in the last three years engaged 
in process innovation. The “last three years” is used in the questionnaire to enable investigators to detect how 
firms are abreast with the changing demands in the competitive market. 
The  
 
Table 1 below shows a summary of the attributes for all independent and dependent variables. 
 
Table 1. Variables, attributes, and references 
Variables Attributes References 
Capital from Bank 
Credit from commercial 
bank 
Levine (2005); Levine, Loayza & Beck 
(2000); Beck, Demirguc-Kunt & 
Maksimovic (1998) 
Overdraft Facility Credit by overdraft Thavaraj (1982) 
Lines of Credit Finance from lines of credit 
Bonte & Nielen (2011), Ng, Smith & 
Smith (1999); Tsuruta (2008) 
External Audit 
Services from external 
auditors 
Minnis (2011) 
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Working Capital from Supplier Credit from supplier 
Pike, Cheng, Carvens & Lamminmaki 
(2005); Petersen & Rajan (1997) 
Innovation Process Innovation 
OECD Oslo Manual (2005); Gunday, 
Ulusoy, Kilic & Alpkan (2011); Tidd, 
Bessant & Pavitt (2005) 
 
3.2. Data analyses 
The data analyses of this research are described in this subsection. The descriptive statistics: mean, standard 
deviation, minimum, and maximum of all the independent and the dependent variables are given. Again, the 
analyses and discussions of the Pairwise correlations of all independent and dependent variables are shown. 
These are followed by discussions of the regression model, analyses and outcomes. The Table 2 indicates the 
descriptive statistics of the independent and the dependent variables. 
Table 2. Descriptive statistics of dependent and independent variables 




Process Innovation 19800 0.414 0.493 0 1 
Capital from Bank 32031 6.395 17.773 0 100 
Overdraft Facility 31675 0.254 0.435 0 1 
Lines of Credit 33059 0.172 0.378 0 1 
External Audit 33494 0.474 0.499 0 1 
Capital from Supplier 32728 11.498 20.049 0 100 
Age 24077 16.386 13.837 1 212 
Size 33977 18.63 18.808 1 99 
3.2.1. Pairwise correlations between independent variables in access to credit and process innovation 
The results of the Pairwise correlations between all the independent and dependent variables are shown in this 
subsection. The findings reveal the relationships and the correlation coefficients that exist between all the 
independent variables, control variables, and the dependent variables. 
From Table 3 the results reveal a positive correlation coefficient and p-value (p<0.05) in: capital from bank 
(corr=0.116), overdraft (corr=0.066), lines of credit (corr=0.093), external audit (corr=0.018), capital from 
suppliers (corr=0.035), and size (corr=0.052). However, the age recorded negative correlation coefficient 
(corr=-0.024). The correlation coefficients are all significant since their corresponding p-values are less than 
0.05 (p<0.05) in all independent variables. 

















Process Innovation 1 
       Capital from Bank 0.116 1 
      Overdraft 0.066 0.339 1 
     Lines of Credit 0.093 0.473 0.39 1 
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External Audit 0.018 0.167 0.246 0.194 1 
   Capital from 
Supplier 0.035 -0.044 0.02 0.031 0.009 1 
  Age -0.024 0.035 0.076 0.072 0.134 0.049 1 
 Size  0.067 0.126 0.224 0.167 0.284 0.032 0.199 1 
3.2.2. Regression model 
The first regression model in this study is created for access to credit and process innovation. The R-squared 
(  ) of a regression model explains the extent to which the independent variables are explained by the 
changes of the dependent variable. This means that for higher    value, the changes of the independent 
variables explain more changes in the dependent variable.  
The Root mean squared error (RMSE): 
                           RMSE = 
 
 
                                                             (1) 
where  : calculated value, and y: expected value, 
is a statistical test that estimates how well a model performed. It estimates the relationship that exists between 
the actual and the expected values. The RMSE in a model shows the root of the sum of square of differences 
between the actual and the expected values. The goodness-of-fit of a model is greater when the RMSE value is 
smaller. 
The Mean Percentage Error (MPE): 




     
 
                                               (2) 
shows how small or big is the detected error when a regression model is estimated. Small MPE implies that 
the test results are not far from the accepted values, while big MPE implies that the test results are not close to 
the accepted values.  
3.2.2.1. The impact of independent variables in access to credit on process innovation 
Table 4 is the regression analysis of access to credit (working capital from bank, overdraft facility, lines of 
credit, external audit and working capital from suppliers), control variables (age and size) and dependent 
variable (process innovation). The regression analysis is performed by the use of the regression model in 
equation 3 below: 
Process_innovation =    +   Capital_from_bank +   Overdraft +   Credit_lines + 
  External_audit_of_account +   Capital_from_supplier +   Age +   Size  (3) 
For this regression model the total number of firms under consideration is 15,446. The R-squared of the 
regression is 0.249, while the root mean squared error (Root MSE) is 0.422, and the mean percentage error 
(MPE) is found as 0.384. 
The impact of working capital from bank, overdraft facility, lines of credit, external audit and working capital 
from suppliers on process innovation are all statistically significant, with p<0.05. 
Table 4. The impact of independent variables in access to credit on process innovation 
Source SS df MS Number of obs. 15446 
    
F(48, 15397) 106.38 
Model 910.336 48 18.965 Prob. > F 0.000 
Residual 2744.882 15397 0.178 R-squared 0.249 
    
Adj. R-squared 0.247 
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Total 3655.218 15445 0.237 Root MSE 0.422 
    
MPE 0.384 




T-test P-value   Confidence interval 
Capital from Bank 0.001 0.2E-03 5.23 0.001 0.001 0.002 
Overdraft 0.025 0.009 2.65 0.008 0.006 0.043 
Lines of Credit 0.055 0.011 5.06 0.4E-07 0.033 0.076 
External Audit 0.102 0.008 12.8 0.001 0.086 0.117 
Capital from 
Supplier 0.4E-03 0.000 2.67 0.008 0.1E-03 0.001 
Age -0.7E-04 0.1E-03 -0.29 0.771 -0.001 0.4E-03 
Size (SME) 0.002 0.2E-03 8.08 0.001 0.001 0.002 
Constant 0.006 0.04 0.15 0.877 -0.072 0.084 
   Note: Country fixed effect – Yes; Industry fixed effect – Yes 
The regression coefficients and the p-values for the independent variables in access to credit are: capital from 
bank ( 
 
=0.001, p=0.001), overdraft facility ( 
 
=0.025, p=0.008), lines of credit ( 
 
=-0.055, p=0.4E-7), 
external audit ( 
 
=0.102, p=0.001), capital from supplier ( 
 
=0.4E-3, p=0.008), age ( 
 
=-0.7E-4, p=0.771), 
and size ( 
 
=0.002, p=0.001). 
3.2.3. Forecasting the impact of access to credit on process innovation 
After using the regression model to estimate the significant impact of the independent variables in access to 
credit on the dependent variable in process innovation,       the regression model is used to forecast the 
values of the dependent variable. Through the function of sumproduct in excel, the regression coefficients are 
used to estimate the calculated value,   . A threshold, ε, is then determined to distinguish 0 and 1 from the 
calculated value in decimals, and it is experimentally predicted to make the forecast error smallest. 
Assume that the values of the independent variables in access to credit (                 ,       ) and the 
dependent variable in process innovation are supplied, and the corresponding regression coefficients are: 
                          . The OLS regression model is constructed as: 
                                     +      
The calculated values    are transformed into dummy variable,   : 
     
        
       
  
The error of the forecasting is calculated by: 
Error =  
          
          
  
Accuracy of the forecasting is calculated by: 
       
      
 
 
where N is the number of observations and Acc. is the accuracy of forecasting. 
Recall that the prediction value is given by: 
     
        
       
  
Therefore if       a firm whose data is given is potentially a firm with process innovation while      
implies a firm with potentially no process innovation. 
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3.2.4. Policy proposal 
The firm with independent variable values:                          are moved around the given values 
and their impacts on    are noticed. At a point where    is reached to a value       the section of these 
values:         are given to the firm. If the firm is able to enhance the existing values to those values that 
provide       the firm will therefore be considered as having the potential to make process innovation. 
The Table 5 below shows how regression model in equation 3 can be used to predict whether a firm is able to 
achieve process innovation or not. It reveals that when a threshold of ε=0.020 is used the forecast by 
regression model has the accuracy of 54.30%. 
Table 5. Forecasting the impact of access to credit on process innovation 
 
4. Discussion and conclusion 
Discussions of the findings from the regression analyses and the level of forecasting through the regression 
models are shown in this section. The contributions and implications of the findings from the regression 
analyses are further explained in this section. Also in this section are the limitations identified in this research 
and areas for future studies by investigators. 
4.1. Main effects of access to credit on process innovation as seen in the regression model 
The hypotheses claim that the access to credit provides a significant contribution for SMEs to undertake 
process innovation. The results obtained from the analysis of the regression model in equation 3 reveals that 
the factors in access to credit have a significant impact on process innovation. In examining the impact of the 
factors in access to credit on process innovation, for H3a; capital from bank has a positive regression 
coefficient ( 
 
= 0.001), with a standard error of 0.2E-3, and a high statistically significance level with a p-
value of 0.001. At a 95% level of confidence, confidence interval of the regression coefficient of capital from 
bank is (0.001, 0.002). For H3b, overdraft has a positive regression coefficient ( 
 
= 0.025), with a standard 
error of 0.009, and a high statistically significance level (p-value= 0.008). At a 95% level of confidence, 
confidence interval of the regression coefficient of overdraft is (0.006, 0.044). For H3c, lines of credit has a 
positive regression coefficient ( 
 
= 0.055), with a standard error of 0.011, and a high significance level (p-
value= 0.4E-7). At a 95% level of confidence, confidence interval of the regression coefficient of lines of 
credit is (0.033, 0.076). For H3d, external audit has a positive regression coefficient ( 
 
= 0.102), with a 
standard error of 0.008, and a high significance level (p-value= 0.001). At a 95% level of confidence, 
confidence interval of the regression coefficient of external audit is (0.086, 0.117). For H3e, capital from 
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suppliers has a positive regression coefficient ( 
 
= 0.1E-3), with a standard error of 0.1E-3, and a high 
significance level (p-value= 0.008). At a 95% level of confidence, confidence interval of the regression 
coefficient of capital from suppliers is (0.1E-3, 0.001). 
The regression model in equation 3 shows that with a total number of 15,446 firms observed, the proportion of 
variation of process innovation that is explained by the independent variables (R-squared) is found as 0.249. 
The analysis of the regression model reveals that the impact of factors of access to credit on process 
innovation is significantly high. 
4.1.1. Contributions 
The regression analysis indicates a relatively strong relation between access to credit and process innovation. 
In the same vein, factors of access to credit are selected to determine their impact on the process innovation. 
There is a highly significant impact of access to credit on process innovation. This is in line with the works of 
Giannakas and Fulton (2005); and Bertschek (1995) which reiterate the importance of access to credit to 
advancement of firms’ process innovation [23], [25]. The p-values are capital from a bank (p=0.001), 
overdraft (p=0.008), lines of credit (p=0.4E-7), external audit (p=0.001) and capital from suppliers (p=0.008). 
It can be concluded from the analysis that factors of access to credit significantly impact on the activities of 
SMEs to achieve process innovation. 
4.1.2. Implications of the findings of the impact of access to credit on innovation 
The findings of this research have both managerial and theoretical implications. This research helps scholars 
to understand and appreciate the theoretical discussions on innovation management. Managers of firms and 
SMEs are also guided by the results of this research in their decision making and policy directions. 
4.1.2.1. Managerial and theoretical implications 
Managers in SMEs who are pursuing process innovation should focus on exploring various means of access to 
credit for their activities. One of the means is to engage external auditing firms to audit and certify their 
financial statements. Getting financial assistance from the informal or unregulated sector of the economy has 
the potential to improve SMEs process innovation. Using the regression model, management is able to predict 
the outcome of their policy decisions on process innovation given the factors of access to credit available. The 
accuracy of forecasting from the regression model is shown in equation 3. The findings from the regression 
analyses support the assertion that audited financial statements contribute positively and significantly to 
innovations in SMEs. This will for instance, enable SMEs to employ the services of auditors for their growth 
and development. Secondly, the findings from this research will aid the policy directions of the management 
of financial institutions to recognise which of the diverse forms of credit, when allocated to SMEs, will have a 
better impact on their pathway to process innovation. 
These credit types that contribute to the growth and development of firms have been on-going discussions in 
prior literature [29], [10]. The results from this research have given more insight into the appreciation of the 
discussions and studies on access to diverse forms of credit and innovation in SMEs. 
4.2. Limitations and future research 
The research considers only process innovation in SMEs. Future research can focus on other forms of 
innovation in the firm, such as: market innovation, product innovation, and organizational innovation. Again, 
this research is situated in two geographical regions in the world, thus Africa and the Middle East. Future 
research should consider access to credit by SMEs in other geographic and economic regions such as: East 
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